Apart from regular monitoring by ASM, the compact object SS 433 was observed with RXTE several times last two/three years. We present the first analysis of these observations. We also include the results of the recent exciting TOO campaign made during donour inferior (orbital phase φ = 0) and superior (φ = 0.5) conjunctions which took place on Oct. 2nd, 2003, and on March 13th, 2004 respectively, when the jet itself was directly pointing towards us (i.e., precessional phase ψ ∼ 0). Generally, we found that two distinct lines fit the spectra taken on all these days. We present some of the light-curves and the X-ray spectra, and show that the Doppler shifts of the emitted lines roughly match those predicted by the kinematic model for the jets. We find that the line with a higher energy can be best identified with a FeXXVI Ly-α transition while the line with lower energy can be identified with a FeXXV (1s2p -1s
INTRODUCTION
The galactic micro-quasar SS 433 is an enigmatic X-ray binary system, ejecting material in the form of bipolar jets with almost constant velocity (v ∼ 0.26c) (Margon 1984; Gies et al. 2002) . Even after 25 years of its discovery, it is not clear whether the compact object is a neutron star or a black hole. The nature of the companion is also not known with certainly. Recently, Gies et al. (2002) pointed out from their UV spectroscopic study of the mass donour star of SS 433 that the nature of the companion is probably an evolved A-type star with a black hole as the primary. The disk, along with the jet which is along the instantaneous normal to it, itself precesses with a 162.15 day periodicity. The binary has a 13.1 day periodicity (Margon 1984) . There are observational supports in optical as well as in radio/IR/X-rays (Borisov & Fabrika, 1987; Vermeulen et al. 1993ab; Chakrabarti et al. 2002 Chakrabarti et al. , 2003 Migliari, Fender and Méndez, 2002) support that the jets are ejected in a bullet-like fashion, i.e., as blobs ejected along the instantaneous axis of the disk having only the radial velocity component. The red/blue shifts of the lines emitted from these jets are described very accurately by the so-called kinematic model of Abell & Margon (1979) .
These blobs in Radio/X-ray are seen within a few arcseconds from the core, although radio emissions and X-rays are also present much farther out, in the scale of half a degree (e.g., Margon, 1984; Migliari, Fender & Mendéz, 2002) .
Although extensive optical and radio monitoring of the source has provided the basic parameters to describe the disk-jet system, there are very few observation in X-rays. In X-rays, SS 433 is a relatively weak source and is not generally observable in hard X-rays beyond ∼ 30 keV. Previous observations by EXOSAT, Ginga, ASCA confirmed the existence of the Doppler-shifted X-ray emission lines (Watson et al. 1986; Yuan et al. 1995; Kotani et al. 1994) . The shifting of the Fe-line was found to be consistent with the predictions of the kinematic model. This therefore indicated that the X-ray emitting material is physically associated with the jets. Recently, the Chandra observation of SS 433 spectrum (Marshall et al. 2002 , Namiki et al. 2003 shows very much complex behaviour with a large number of blue and red shifted lines. Kinematic model was also established, but higher velocity was X-ray Observation of SS 433 with RXTE 3 required for the line emitting gases. Iron line emission from the extended region of the jet has also been observed by Chandra (Migliari, Fender and Méndez, 2002) .
In the present paper, we report results obtained using the RXTE satellite, compiling archival data as well as TOO data triggered by us. Most importantly, for the first time, the spectrum obtained during (a) the inferior conjunction (when the central compact object and the base of the jet is blocked exactly by the companion; i.e., the orbital phase φ = 0) and at the same time, when the precessional phase, ψ was also 0 and (b) the superior conjunction (when the companion is hidden by the disk and the jet is completely exposed to us, i.e., the orbital phase φ = 0.5) and at the same time, when the precessional phase, ψ was also 0 are presented and analyzed. In these special days, the jet was directly pointing towards us emitting lines with the highest possible line shifts. These data were obtained on Oct. 2nd, 2003 and on Mar. 13th, 2004 . Because of lower energy resolution of RXTE/PCA instrument (< 18% at 6keV), it is not often easy to identify the exact source of the lines and line flux would also be inaccurate due to blending with other lines. Fortunately comparing results with the earlier observations by ASCA (Kotani et al. 1996) and Chandra (Marshall et al. 2002 , Namiki et al. 2003 ) the identification became easier.
In the next section, we present the Tables containing a log of observations analysed by us and the results of our analysis. We also present the light curves of some of these observations. In Section 3, we present fits of the spectrum obtained by us at three epochs, including the ones at the inferior and the superior conjunctions. We also show how the line energy (including red/blue shifts) match with the shifts predicted from the kinematic model.
In Section 4, we discuss the possibility of regular X-ray flares in this system by comparing RXTE/ASM results. Finally, in Section 5, we draw our conclusions.
OBSERVATIONS
SS 433 was pointed at several times by Proportional Counter Array (PCA) detectors on board RXTE satellite. The PCA contains five (0 ... 4) Proportional Counter Units (PCUs).
We concentrate on observations taken since November, 2001 . In order to avoid biasing the analysis, we selected only those observations which were taken by the same units of PCA detector, namely, 2 & 3. We made the analysis by adding data from these two PCUs together.
A log of these observations is given in Table 1 . The first Column gives the log of observation and the second column gives the date and time when the observation begins (in MJD) along with the RXTE Observation ID. To calculate the precessional phase (ψ) and orbital phase (φ), at the begining time of these observations, we adopt the following ephemeris (Goranskii et al. 1998 The total integrated flux of X-rays in 3 − 25keV range in units of 10 −10 ergs cm −2 sec −1 is presented in Column 5. During the recent superior conjunction when the jet was exposed to us (March 13th, 2004) , the net flux was found to be more than twice as high compared to that in the inferior conjunction (Oct. 2nd, 2003) . The net flux remained high for at least another orbital period indicating that SS 433 may be undergoing a flaring activity.
One can compare the X-ray flux by RXTE observations with earlier results of EXOSAT (Watson et al. 1986 ) and Chandra (Namiki et al. 2003) . For instance, in the same unit as in Table 1 , at ψ ∼ 0, the 2-6keV flux of EXOSAT was 1.5 while our fluxes vary from 1.07 − 1.6 depending on φ in the same range of 2-6keV. Chandra, on the other hand, found the total integrated flux in 1-10keV at ψ ∼ 0.4 to be 0.9. We did not make any observation at this phase, and our result at phase ψ ∼ 0 in 3 − 9keV is 1.6 − 3. Thus the fluxes measured by RXTE are comparable to previous measurements, although an actual comparison requires observation to be carried out at the same precessional and orbital phases as well.
According to the kinematic model (Abell & Margon, 1979; Margon 1984) , the red/blue shifts z of the emitted line are computed from:
where, v j (taken here to be 0.2602, see, Gies et al. 2002) is the proper velocity of the line emission in units of velocity of light c from the jet matter, i = 78 o .83 is the angle that the normal to the disk subtends with the line of sight, θ = 19 o .85 is the angle subtended by the jet with the disk-normal, ψ is the precession phase taken from Table 1 . In this convention, a negative z corresponds to blue-shifts and a positive z corresponds to red-shifts. Note that we use the definition of ψ such that ψ = 0 when the shifts of the blue and red-jets are maximally different as in Margon (1984) . In Table 2 , we presented these values in Column 2. The significance of the Columns 3-10 will be discussed in the next Section. where, the multi-wavelength campaign was reported. It was especially mentioned that this respectively, the second observation being at the donour inferior conjunction. While these light curves also show similar rapid variation, there appears to be an overall modulation of X-ray counts. At least 25% of the flux modulation occurs in 6-7 minutes timescale. Given that the companion star is directly blocking the base of the jet, and the X-rays received may be passing through the star's atmosphere this could even be due to some kind of oscillation in the atmosphere of the star. By analysing both the GoodXenon and Standard2 mode data, we could not detect any quasi-periodicity in the power density spectra (PDS). The panel of Observation K shows the light curve of March the 13th, 2004 when the companion was right behind the disk. The jet pointing towards the observer had the highest blue-shift and the base of the jet was totally exposed. The X-ray flux was more than twice as high compared to average flux of past observations. The X-ray count was also much higher on this date In the next section, we analyze line emissions from the RXTE observations listed in Table 1 .
SPECTRAL FITS OF RXTE OBSERVATIONS
Recently, Marshall et al. (2002) , using Chandra observation, pointed out that the lines emitted do show blue-and red-shifted components. Migliari et al. (2002) reported Chandra observation of iron lines emitted from extended regions of the jets. However, similar observations from RXTE have not been reported so far.
The data reduction and analysis was performed with the software HEASOFT 5.1 consisting of FTOOLS 5.1 and XSPEC 11.1. We extracted energy spectra from PCA Standard-2 data. For each spectrum, we have followed the standard procedures to generate the back- . Along the X-axis is energy (in keV) and along Y-axis is the photon counts (cm −2 sec −1 keV −1 ). While in (a), the precession/orbital phases were generic (see Table 1 ), in (b), the phases were very close to zero when the companion blocked the central compact object and in (c), the precession phase is close to zero but the orbital phase is close to 0.5. In lower panels, residuals have also been presented.
ground spectra and PCA detector response matrices. We performed fitting the spectra simultaneously with different combination of models such as thermal bremsstrahlung, line contribution, disk-blackbody spectrum and the power-law spectrum modified by interstellar absorption (WABS model, Morrison & McCammon, 1983) .
During fitting, we find that the so-called 'traditional model' are best fitted with a minimum reduced χ 2 value. We find good fitting while keeping the hydrogen column density fixed at 2.4 × 10 22 cm −3 except on Oct. 1st-2nd, 2003, when 1.6 × 10 22 cm −3 was needed. We did not set any systematic error. We also found that reduced χ 2 is smaller if two lines are included instead of a single line. We have included in the Table 2 In Figures 2(a-c) we present the spectra of observations G (Fig. 2a), I (Fig. 2b) and K (Fig. 2c) respectively. For all observation, for the best fitting, two additional line features were tried out on the top of thermal bremsstrahlung fit. The requirement of two line fitting in the spectrum is tested using the F-statistics with the ftest task within XSPEC. P F −stat is the F-statistic probability for the addition of the 2nd Gaussian line to the same model with a single line. This is given in Column 5 of Table 2 . The significance is given under this P value and is denoted in parenthesis. Based on the significance value we find that X-ray Observation of SS 433 with RXTE 9 all the observations favour the two-line model except Obs. A and Obs. E as these fits are significant only at 2.1σ and 2.6σ levels respectively. Indeed, we observe that on MJD 52234
(Observation E), the X-ray flux is very low. Given that it takes about a day for the jet to arrive from the X-ray emitting region to the radio emitting region, it is possible that the massive radio flare on MJD 52335 (Observation F. See, Safi-Harb & Kotani 2003) actually was ejected on the previous day. Similar behaviour of anti-correlation between Radio and X-ray fluxes has been reported by Mirabel & Rodriguez (1999) . During the final fit of the observations B, C, D, F and G, we froze the narrower line width. In our fit, there was no signature of any soft-X-ray bump characteristics of a Keplerian disk. As has been pointed out earlier (Chakrabarti et al. 2002) , there is evidence that the flow is actually from a wind accretion and thus possibly sub-Keplerian. This is also required for the production of the observed jets (Chakrabarti 1999) . The line energies (in keV) we obtained are given in Column 6. The residuals given in the lower panels of Figs. 2(a-c) indicate that the fits are satisfactory. Note that in Observations J-K-L, there are significant contributions from high energy (∼ 30keV ) photons and the flux is also much higher (see , Table 1 ). This behaviour persisted even after one orbital period (Observation M). Columns 7 and 8 give the line width (keV) and line strength (in units of photons cm −2 s −1 ) respectively for each line. It has been noted earlier (Kotani et al. 1996 , Marshall et al. 2002 , Namiki et al. 2003 ) from the ASCA and Chandra observations that the FeXXV lines are on an average 2-3 times (or more) stronger compared to FeXXVI lines. In our RXTE observations C, D and F (when ψ ∼ 0.7), we find roughly a similar result when we identify both the lines to come from the approaching jet components. However, in observations B and G, where the lines were similarly identified as above, the FeXXV line is found to be weaker compared to the FeXXVI line. In observations H-M the jets are pointing towards the observer (ψ ∼ 0) and we find that two lines are roughly agreeing with the prediction of the kinematic model provided the line with higher energy (brighter component) is identified with FeXXVI of the approaching jet and the lower energy (dimmer component) is identified with FeXXV of the receding jet.
In Observation E, we could fit with only one line, possibly because of certain disturbances of the inner disk and the jet one day ahead of the massive radio flare reported by Safi-Harb & Kotani (2003) .
In Fig. 3(a-b) , we have drawn contour plots of ∆χ 2 for Obs. C in the (a) line width (σ) vs. line energy (E obs ) plane and (b) line width (σ) vs. line flux (F line ) plane to show the correlations. Similarly, in Fig. 4(a-b) , we have drawn the contour plots of ∆χ Gaussian width from spectral fitting to the RXTE/PCA data of Obs. C. Contours correspond to 68%, 90% and 99% confidence.
in the line width (σ) vs. line energy (E obs ) plane for the (a) broad line and (b) narrow line.
The contours are of 68%, 90% and 99% confidence level. It can be seen that the lines are resolved at the 90% confidence level.
While comparing with the absolute line strength with previous observations, we note that
Chandra (Marshall et al 2002) obtained a red-jet FeXXV line (1s2p -1s
2 ) flux of ∼ 0.13 in the same unit chosen in Table 2 , while we obtained the value of ∼ 1.2 (Observation M), both observations being at a similar precessional phase of ψ ∼ 0.06 if the same ephemeris (Goranskii et al. 1998) were used. This high value may be because (a) the SS 433 was intrinsically brighter in X-ray in our observation and (b) blending of lines which RXTE was unable to resolve especially there could be always a significant contribution from the neutral Fe line emitted from regions at rest in the observed frame (Kotani et al. 1996 , Marshall et al. 2002 .
In Columns 9-10 we present the computed red-and blue-shift factors (z) of the observed lines, had their origins been the FeXXVI (Ly α transition at 6.965 keV) or the FeXXV line (1s2p -1s 2 transition at 6.684keV), respectively. In bold faced letters we have highlighted the probable identification of the lines. Generally speaking, the line with higher energy could be identified with the blue-shifted FeXXVI line quite satisfactorily (Fig. 5a) . However, the line with lower energy could be fitted with red-shifted FeXXV lines when ψ ∼ 0 and with blue-shifted FeXXV line elsewhere (Fig. 5b) . The error-bars (at 90% confidence level) drawn in Fig. 5 (a-b) are given in Table 2 . The data has been folded with 162.15d periodicity for convenience. Superimposed are the solid and dotted curves representing the Doppler shifts at ψ ∼ 0, the blue jet seems to have a large scattering of velocity, while the red jet seems to have a higher velocity, we could not conclude with certainly if the jets have truly different velocity than that of the standard kinematic model, even though there are reports (e.g., Marshall et al. 2002) that the jet velocity could be higher close to the compact object.
We also examined if the lines could be fitted with NiXXVII (1s2p -1s 2 transition at 7.788 keV). However, except for the lower energy component of observation F, none seems to be satisfactory. It may be noted that near ψ ∼ 0, RXTE observation showed the evidence of both the components of the jet which has not been reported before.
X-RAY FLARES IN SS 433?
During the recent TOO campaign of 12-14th March, 2004, the X-ray flux is found to be very high. This may indicate that SS 433 was undergoing some kind of X-ray 'flare'. In fact a cursory look at the entire ASM rate profile since 1996 till Sept., 2004 (Fig. 6a) where we plotted (solid) only those points when the count over the background rate is positive, shows that there had been a few occurrences of flaring activities in the past. One spike on MJD 52086 was removed as it had a very unusual count (11.5/s). In Fig. 6b , we folded the ASM light curve around 368 days of interval and taken the mean count along with standard deviation as the error bars to indicate that there are indeed some indication of periodicity.
This mean is plotted as dashed curve in Fig. 6a , just to show that the periodicity is real.
While there are at least two other weaker peaks with this periodicity, they do not appear to be significant. By an arrows we indicated the next time when the flares in SS 433 are expected. From the width ∼ 50d of the stronger flare (with the average count rate larger than 2/s), we predict that the next strong flare should occur during Dec. 21st, 2004 till Feb. 8th, 2005 , with the highest peak on Jan. 22nd, 2005.
CONCLUSION
In the present paper, we analyzed a set of RXTE observations of SS 433 some of which were triggered by us. We presented the results of opportune moments at inferior (φ ∼ 0) and superior (φ ∼ 0.5) conjunctions when the jets had the highest possible Doppler shifts (ψ ∼ 0; Observations I and K respectively). We observed a considerable change in the emitted flux. In particular, we observed a very high flux (more than twice the average flux seen in other days) in Observations J,K, L and M, the last one being taken one orbital period later than the previous one. We did not find any evidence of any short time-scale quasi-periodicity in the PCA light curves except perhaps a modulation at around 25% level in time-scales of a few minutes, especially when the companion blocked the base of the jet.
It may be due to the oscillation of the atmosphere of the companion. During the superior conjunction the source was highly variable in a very short time-scale < 100s. The spectra were best fitted with a model consisting of thermal bremsstrahlung component and emission lines. No signature of any Keplerian disk was found, possibly because of the obscuration of the inner part by matter gathered from the mass-loss of the companion. We generally found that two lines were required to fit the spectrum. The higher energy lines were generally identified with blue-shifted FeXXVI. The lower energy lines were generally identified with FeXXV blue-shifted or red-shifted depending on the precessional phases.
Since RXTE/PCA detectors have poor energy resolution (< 18% at 6keV) compared to ASCA and Chandra, we could not be sure if the deviation of the Doppler-shifts from the value predicted by the kinematic model is solely due to deviation from the standard jet-parameters, i.e., the velocity and orientation angles. It is possible that the jet velocity may be different (as inferred by Marshall et al. 2002 using Chandra observation) or there could be some effects due to the nodding motion which we did not include in our fitting.
Furthermore, the neutral Fe line at z = 0 can also contribute to the flux (Kotani et al. 1996 , Marshall et al. 2002 We observed that on Oct. 2nd, 2003, the X-ray flux is lower (less than 10%) compared to that observed on Oct. 1st, 2003, only twelve hours earlier. This could be an indication that the X-ray source is progressively blocked by the companion at
